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Laboratory rats (Rattus norvegicus) were infected with Echinostoma paraensei (Trematoda: Echinostomat-
idae). The rodents received 150 metacercariae each and blood samples were collected weekly until the
ﬁfth week of infection. The blood samples were analyzed for determination of haematocrit, total red
blood cells with their dimensions, haemoglobin and haematimetric index (mean corpuscular volume,
MCV; mean corpuscular haemoglobin, MCH; and mean corpuscular haemoglobin concentration, MCHC)
and platelets. Red blood cells, haematocrit and haemoglobin in the ﬁrst week had signiﬁcantly lower
levels than those of uninfected (control) rats, suggesting the development of normocytic and normocro-
mic anaemia with anisocytic alteration. The number of eosinophils did not increase signiﬁcantly among
the groups. We concluded that E. paraensei produces haematological alterations in R. norvegicus, causing
regenerative anaemia. This system can therefore be a useful model to study the direct and indirect effects
of gastrointestinal infections.
 2012 Elsevier Inc. Open access under the Elsevier OA license.sevier OA license. 
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).1. Introduction
The echinostomes have wide geographic distribution and can
infect a great number of wild and domestic animals as well as hu-
mans, therefore representing an important agent of intestinal
infection from medical and veterinary standpoint (Fried and
Graczyk, 2000). Echinostomiasis has been related to at least 16
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and Indonesia. In these countries the parasite transmission occurs
focally and is associated with speciﬁc socioeconomic and cultural
practices. Infection occurs by ingestion of raw or insufﬁciently
cooked mollusks, ﬁsh, crustaceans and amphibians with encysted
metacercariae (Graczyk and Fried, 1998). In Brazil, eggs of Echino-
stoma sp. were reported in faeces obtained from a partially mum-
miﬁed human body between 600 and 1200 old (Sianto et al., 2005).
However, no case of human infection has been reported recently,
although echinostomes have been found infecting animals of com-
mercial interest such as pigs, chickens, ducks and pet dogs, as well
as wild rodents and birds, indicating great zoonotic potential
(Maldonado and Lanfredi, 2008).
Echinostoma paraensei was described from naturally infected
snails collected in Minas Gerais, Brazil (Lie and Basch, 1967) and
was later reported to be infecting the wild rodent Nectomys squam-
ipes (Maldonado et al., 2001a). The adult worm is found in the duo-
denal portion of the small intestine, where it reaches sexual
maturity (Nollen, 1996) and eventually can migrate to the bile duct
(Maldonado et al., 2005). E. paraensei has been used as an experi-
mental model in several studies on host–parasite relationship
(Maldonado et al., 2001b; Pinheiro et al., 2009; Tunholi-Alves
et al., 2011; Garcia et al., 2011). Although recent advances in
pathology knowledge have resulted from experimental infection
(Toledo and Fried, 2005), little is known about haematological
changes as a consequence of infection.
Intestinal helminth infection is a global health problem that
particularly affects low- and middle-income countries, due to its
negative effects on physical development, intellectual perfor-
mance, work capacity and pregnancy (De Maeyer et al., 1989).
The aim of the present study was to analyze the haematological
parameters of Rattus norvegicus (Wistar) in acute experimental
infection by E. paraensei.2. Material and methods
2.1. Parasites and experimental infection
The isolate of E. paraensei used was obtained from naturally in-
fected specimens of N. squamipes, captured in the municipality of
Sumidouro, Rio de Janeiro state (220204600 S, 424102100 W) (Mado-
nado Jr. et al., 2001b). The cycle was maintained at the Laboratório
de Biologia e Parasitologia de Mamíferos Silvestres Reservatórios
IOC- FIOCRUZ, Rio de Janeiro (Brazil), as described by Garcia et.
al. (2011).2.2. Experimental design
A total of 50 adult Rattus norvegicus (Wistar) females, weighing
150 ± 20 g, supplied by the Centro de Criação de Animais de Labo-
ratório (CECAL – FIOCRUZ) were divided into two groups: (i) 35 R.
norvegicus infected group, which received individually 150 E.
paraensei metacercariae by gavage, obtained from Biomphalaria
glabrata experimentally infected, and (ii) 15 R. norvegicus control
group, free of infection which received only dechlorinated water
by gavage. The animals were kept under controlled conditions of
illumination (12/12 h light/dark), temperature (23 ± 2 C) and
received food and water ad libitum. Weekly, until the ﬁfth week, se-
ven infected and three control animals randomly chosen were
anesthetized using ketamine (5 mg/kg, body weight) and xylazine
(0.5 mg/100 g, body weight). The blood was weekly collected from
each animal by cardiac puncture. After blood collection, the ani-
mals were euthanized in a CO2 chamber, according to the protocol
approved by the Animal Use Ethics Committee (CEUA L-074/08)
and necropsied to worms collection from the small intestine. Theliver and large intestines were also examined for helminths pres-
ence. The helminths collected were transferred to Petri dishes
containing Locke’s solution and counted under a stereoscopic
microscope.
The infection was conﬁrmed when the animals were necropsied
and the helminths observed.
2.3. Haematological analyses
Blood samples for determination of haematocrit, total red blood
cells with their dimensions, haemoglobin and haematimetric index
(mean corpuscular volume, MCV; mean corpuscular haemoglobin,
MCH; and mean corpuscular haemoglobin concentration, MCHC)
and platelets were collected by cardiac puncture. For total white
blood cells, the total blood was collected using Capiject-dipotas-
sium-EDTA capillary blood collection tubes and analyzed by a fully
automated ABX ABC Vet veterinary haematology analyzer (Horiba
ABX, Montpellier, France). For determination of leucocytes, a series
of blood ﬁlms were prepared and subjected to May-Grunwald
Giemsa staining.
2.4. Statistical analysis
Variance analysis (one-way ANOVA) was used to determine the
differences between the groups and the Tukey–Kramer test was
employed to compare the means, using the Graph Pad Prism pro-
gram (V.5.00.288, Prism Inc., USA). Values with p < 0.05 were con-
sidered signiﬁcant.3. Results
All animals necropsied at the ﬁrst week post exposure to the
metacercariae were infected. Worms were found up to the end of
the third week of infection. The mean load worms followed by
range recovered from small intestine’s R. norvegicus were: 59.87
(29–91) in the ﬁrst week infection, 21.75 (0–81) and 12.37 (0–58)
in the second and third week post infection, respectively. Interest-
ingly, no worms were recovered during the fourth and ﬁfth weeks
post infection.
The haematological parameters of rats infected and not infected
with E. paraensei are summarized in Table 1. As can be seen, the
number of red blood cells, the haematocrit and the haemoglobin
levels in the infected animals after the ﬁrst week had values signif-
icantly lower than the control (p < 0.05). These parameters suggest
the development of normocytic and normocromic anaemia with
anisocytic alteration. The RBC, haematocrit and haemoglobin val-
ues were signiﬁcantly decreased only in the ﬁrst week of infection
when the higher worm load was observed (59.87) after this period
the worm load was reduced and the haematological parameters
values did not differ from control group. When the mean corpuscu-
lar volume (MCV), mean corpuscular haemoglobin (MCH), mean
corpuscular haemoglobin concentration (MCHC) and platelet of
infected and uninfected animals were compared, signiﬁcant differ-
ences were not observed. In spite of the worm load variation
through the period analysed, the MCV, MCH, MCHC and platelets
values did not changed signiﬁcantly, showing that these parame-
ters were not affected by the E. paraensei infection.
The white blood cell analysis did not reveal signiﬁcant changes
in the number of eosinophils, lymphocytes, monocytes and neutro-
phils from infected and uninfected animals. However, there was a
signiﬁcant difference in the leucocytes in the third week after
infection in relation to the other groups. The basophils increased
signiﬁcantly in the second week in relation to the ﬁrst, fourth
and ﬁfth weeks, although when compared to the control group
no signiﬁcant difference was observed (Table 2). The infection
Table 1
Haematological analyses (erythrocyte and platelet), expressed as mean ± standard deviation, of R. norvegicus (Wistar) experimentally infected with E. paraensei.
Parameters Control Period of infection (weeks)
1ª 2ª 3ª 4ª 5ª
RBC (106/mm3) 6.751 ± 0.973a,c 5.538 ± 0.973b 6.240 ± 0.529a,b,c 5.916 ± 0.470a,b,c 5.704 ± 1.436a,b 6.986 ± 0.408c
Haematocrit (%) 40.810 ± 5.097a 33.713 ± 4.372b 38.263 ± 2.682a,b 34.975 ± 2.636a,b 33.063 ± 8.314c,b 39.763 ± 1.894a,b
Haemoglobin (g/dL) 14.790 ± 1.898a 12.088 ± 1.334b 14.025 ± 1.038a,b 13.813 ± 0.822a,b 13.425 ± 1.961a,b 14.838 ± 0.853a
MCV (fm3) 60.70 ± 1.90a 60.625 ± 1.302a 61.500 ± 2.268a 59.250 ± 1.389a,b 58.000 ± 0.926b 57.000 ± 1.195b
MCH (pgL) 21.980 ± 0.909a,b 21.850 ± 0.733a,b 22.400 ± 1.344a,b 23.438 ± 1.528a,b 24.113 ± 3.316a 21.250 ± 0.798b
MCHC (g/dL) 36.290 ± 1.159a 35.950 ± 1.358a 36.700 ± 2.124a 39.575 ± 2.229a,b 41.588 ± 5.849b 37.338 ± 1.208a
Platelet (/mm3) 714.10 ± 112.21a 641.13 ± 243.02a 747.50 ± 87.13a 747.13 ± 122.92a 652.38 ± 66.72a 726.25 ± 104.25a
RBC, red blood cells; MCV, mean corpuscular volume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration. a,b,c = Means of the same
row followed by different letters differ signiﬁcantly when compared to each other (p < 0.05).
Table 2
Haematological analyses of white blood cells (WBC), expressed as mean ± standard deviation, of R. norvegicus (Wistar) experimentally infected with E. paraensei.
Parameters Control Period of infection (weeks)
1ª 2ª 3ª 4ª 5ª
Leucocytes (mm3) 0.800 ± 0.240a 0.725 ± 0.266a 0.738 ± 0.226a 0.588 ± 0.173b 0.688 ± 0.259a 0.850 ± 0.200a
Lymphocytes (%) 69.500 ± 10.648a 82.000 ± 13.794a 78.250 ± 6.089a 79.750 ± 10.807a 72.000 ± 9914a 71.000 ± 10.337a
Monocytes (%) 0.170 ± 0.134a 1.500 ± 3.843a 0.225 ± 0.219a 0.150 ± 0.120a 0.250 ± 0.302a 0.250 ± 0.233a
Eosinophils (%) 0.100 ± 0.115a 0.0125 ± 0.035a 0.0375 ± 0.074a 0.000 ± 0.000a 0.088 ± 0.099a 0.100 ± 0.169a
Neutrophils (%) 19.470 ± 8.905a 13.375 ± 12.690a 10.750 ± 9.658a 12.500 ± 9.881a 24.788 ± 20.031a 18.375 ± 6.479a
Basophils (%) 0.180 ± 0.175a,b 0.063 ± 0.074a 0.438 ± 0.316b 0.325 ± 0.349a,b 0.100 ± 0.076a 0.100 ± 0.107a
a,b = Means of the same row followed by different letters differ signiﬁcantly when compared to each other (p < 0.05).
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values observed presented highly oscillatory pattern inside the
same group. Only the leucocytes values decreased signiﬁcantly in
the third week post infection, which coincides with a high reduc-
tion in parasite load. From this period onward, the worm load
was zero and the leucocytes values ranging to normal values, sim-
ilar to the control group.
4. Discussion
Experimental studies to evaluate the metabolic changes during
the course of infection using the Echinostoma-rodent model are still
incomplete and do not allow generalizations about the relation
between Echinostoma and their vertebrate hosts. It has been
showed experimentally that R. norvegicus has low susceptibility
to infection by Echinostoma spp., only developing the acute phase
of the disease (Hansen et al., 1991; Toledo et al., 2004; Toledo
et al., 2006). The present study reports the ﬁrst observation of
the haematological parameters in rats experimentally infected
with E. paraensei.
In animals suffering from anaemia, a decrease in the circulating
haemoglobin frequently occurs as a secondary manifestation of
other pathologic disorder in some other organ or system. To diag-
nose this disorder, it is necessary to perform laboratory procedures
such as checking the haematocrit, haemoglobin and erythrocyte
number (Lorenzi, 1992).
The reduction that occurred in the red blood cell count, haema-
tocrit and haemoglobin parameters conﬁrm the occurrence of
anaemia in the ﬁrst week of infection but with the reduction of
the worm load this parameter ranged values that did not varied
signiﬁcantly from the control group. Valero et al. (2008) reported
the same observation in Rattus norvegicus infected with Fasciola
hepatica. In contrast, Huffman et al. (1988a) observed an increase
in haemoglobin concentration in hamsters infected with Echino-
stoma revolutum and Echinostoma liei.
Malnutrition resulting frommetabolic changes and poor absorp-
tion may be involved in the deﬁcient absorption of nutrients, pro-
moting anaemia. Moreover, haemorrhage can be associated withdamage to the intestinal villi caused by parasite (Huffman et al.,
1988b), but the quick change suggests that other factors may con-
tribute to red cell depletion (Kausar and Scoﬁeld, 1985). Bindseil
and Christensen (1984) showed that pathological effects of echi-
nostome infections in animals varied according to worm burden.
In fact, R. norvegicus infected with 150 E. paraensei metacercariae
presented a high worm recovery rate (63.7%) and biochemical and
hepatic alterations in the course of infection (Garcia et al., 2011).
In nematode infection, Stear et al. (1995) and Rahman and
Collins (1990) attributed the reduction of haematological parame-
ters to haemorrhaging at the places where these worms are lo-
cated, and depletion of iron (Silverman et al., 1970). However, it
is not clear how these changes were brought about in such a short
period of time.
Eosinophilia is a common feature of helminth infections and is
involved in the immune response (Roth and Levy, 1980; Matanovié
et al., 2007), Hansen et al. (1991) reported a proportional increase
in the number of eosinophilis cells to doses of metacercariae in rats
experimentally infected with 6, 25, 50 and 100 metacercariae of E.
caproni. Though it was not observed eosinophilia in the present
study, probably due to the long period needed for this trematode
to stimulate the immune response. Since it is located in the small
intestine and there is no migration out of the digestive system,
the sensitization of the immunological system is too weak when
compared to the helminths that parasitize or migrate through
other organs, such as the liver, lungs or blood. Huffman et al.
(1988b) did not observe an increase in eosinophils in hamsters in-
fected with E. trivolvis.
The neutrophils values were reduced when the worms were
present in the small intestine and increases in the fourth and ﬁfth
weeks when the helminths were eliminated from this site. This
behaviour may be associated to the migration of the neutrophils
to the lesions in the small intestine wall reducing the number of
circulating cells.
Although, E. paraensei is a gastrointestinal parasite, it produces
haematological alterations in R. norvegicus, causing regenerative
anaemia. This system can therefore be a useful model to study
the direct and indirect effects of a gastrointestinal infection.
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